Reference genome and transcriptome assemblies of helminths have reached a level of completion whereby 9 secondary analyses that rely on accurate gene estimation or syntenic relationships can be now conducted 10 with a high level of confidence. Recent public release of the v.3 assembly of the mouse bile-duct tapeworm, 11 Hymenolepis microstoma, provides chromosome-level characterisation of the genome and a stabilised 12 set of protein coding gene models underpinned by both bioinformatic and empirical data. However, 13 interactome data have not been produced. Conserved protein-protein interactions in other organisms, 14 termed interologs, can be used to transfer interactions between species, allowing systems-level analysis 15 in non-model organisms. Here, we describe a probabilistic, integrated network of interologs for the H. 16 microstoma proteome, based on conserved protein interactions found in eukaryote model species. Almost 17 a third of the 10,139 gene models in the v.3 assembly could be assigned interaction data and assessment 18 of the resulting network indicates that topologically-important proteins are related to essential cellular 19 pathways, and that the network clusters into biologically meaningful components. Moreover, network 20 parameters are similar to those of single-species interaction networks that we constructed in the same way 21 for S. cerevisiae, C. elegans and H. sapiens, demonstrating that information-rich, system-level analyses can 22 be conducted even on species separated by a large phylogenetic distance from the major model organisms 23 from which most protein interaction evidence is based. Using the interolog network, we then focused on 24 sub-networks of interactions assigned to discrete suites of genes of interest, including signalling components 25 and transcription factors, germline 'multipotency' genes, and differentially-expressed genes between larval 26 and adult worms. These analyses not only showed an expected bias toward highly-conserved proteins, 27 such as components of intracellular signal transduction, but in some cases predicted interactions with 28 transcription factors that aid in identifying their target genes. With the completion of key helminth 29 1 genomes, such systems level analyses can provide an important predictive framework to guide basic and 30 applied research on helminths and will become increasingly informative as protein-protein interaction data 31 accumulate. 32 33 1 Introduction 34 Genomic resources for parasitic flatworms and other helminths have increased substantially over the 35 last decade. Reference genomes of key species have undergone multiple iterations of improvement, 36 employing new sequencing and algorithmic advances to produce more contiguous assemblies and reliable 37 estimates of coding regions and other features [Protasio et al., 2012]. At the same time, the diversity of 38 helminth species with draft genomes continues to expand [International Helminth Genomes Consortium, 39 2019], enabling work on a broader range of species and more informative comparative analyses. Among 40 flatworms, the human bloodfluke Schistosoma mansoni and the tapeworms Echinococcus multilocularis 41 and Hymenolepis microstoma are now supported by near complete, chromosome-level assemblies, providing 42 more comprehensive and stable gene model estimates and syntenic relationships, as well as allowing 43
The distribution of topological parameters in all four networks were similar, with the scale of the scores reflecting the size and density of the networks (Figures 3 and S3 -5). The degree (i.e. number of 194 protein interaction) distribution of Hm net (Figure 3) indicates that A) the network exhibits scale-free 195 behaviour [Barabsi and Albert, 1999] in that it has a small number of highly connected proteins with the 196 distribution obeying the power law, which is a hallmark of protein-protein interaction networks [Jeong 197 et al., 2001, Maslov and Sneppen, 2002] . The other three networks also have scale-free behaviour, although 198 S. cerevisiae to a lesser extent (Figure 3 B-D) . The distribution patterns of betweenness and closeness 199 centrality [Freeman, 1977] (measures of a protein's topological importance) were also similar in all four 200 networks ( Figures S3 and 4) , whereas the clustering coefficient [Watts and Strogatz, 1998 ] (i.e. degree of 201 connectivity in a protein's immediate neighborhood) distribution of Hm net was more similar to that of 202 H. sapiens, reflecting the larger proportion of human data contributing to the interologs ( Figure S5 ). The topological statistics of a network may be used to identify the most important proteins in the network. 206 We chose to assess the topologically-important proteins of the largest connected component of Hm HC net 207 (1260 proteins and 3995 interactions) based on three topological scores produced by NetworkAnalyser: 208 1. Protein degree (number of interaction partners) to identify the top network 'hubs' (highly interacting 3. Closeness centrality (CC) to identify the most central proteins in the network in terms of information 213 flow [Freeman, 1977] .
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Network hubs in protein interaction networks are often conserved and essential proteins [He and 215 Zhang, 2006 , Jeong et al., 2001 , Brown and Jurisica, 2007 . The largest network hub with 88 interactions,
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HmN 000772200, is a cell cycle division 5-like (CDC5L) protein that is involved in the G2/M transition 217 and known to be required for pre-mRNA splicing. The second largest hub, HmN 000015300, was also a 218 putitive pre-mRNA processing factor. Of the remaining top network hubs, a large number of the proteins 219 8 were involved in gene expression; eight ribosomal proteins; two translation initiation factors; one RNA polymerase subunit, and a histone deacetylase ( Table 2) intermediaries and has been used to identify key components of metabolic pathways [Ma and Zeng, 2003 ].
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Of the top scoring proteins for betweenness centrality (Table 3) (Table 4 ). The remaining high CC are a splicing factor, a chaperonin, a SNW 237 domain containing transcriptional protein, and two proteins involved in the cell cycle and replication. A. The H. microstoma interolog network was integrated using a four-stage scoring, integration, filtering and thresholding method. First, physical interaction from the BioGRID dataset were confidence scored against gold standard BioSystems data (1). These datasets were then filtered for interactions with Blast hits to the H. microstoma proteome (2) before integration using a weighted sum to produce the full interolog network, Hm net (3). Finally, the network was thresholded based on interaction confidence to produce a high confidence network, Hm HC net (4). B. Data from sixteen eukaryotic species were integrated in to Hm (classification groups are based on Table 5 . Network clusters. Cluster metrics for the ten clusters shown in Figure 7 . Cluster descriptions are based on the majority of annotations to the cluster proteins; full cluster annotations are provided in Table S4 . Translation initiation complex 7 5.000 5 10 snRNP binding (LSm) 8 5.000 9 20 14-3-3 proteins 9 5.000 9 20 PAK kinases 10 5.000 9 20 RhoA
